In nonruminant herbivores, microbially derived AA could contribute to whole-body AA homeostasis and thus decrease predicted AA requirements. However, postileal capacity of AA uptake is currently unknown. Therefore, to test the hypothesis that Lys is transported across the large colon mucosal apical membrane with capacity similar to that of the small intestinal mucosa in the pony and pig, we examined Lys transport in vitro using brush border membrane vesicles (BBMV). Mucosa was collected from the distal jejunum (DJ) and proximal large colon (PLC) of growing pigs (n = 3) and ponies (n = 4), flash frozen in liquid nitrogen, and stored at −80°C. Jejunal and colonic BBMV were manufactured by Mg 2+ precipitation and used to determine initial rates and kinetics [the maximal transport rate (V max ) and the Michaelis constant (K M )] of l-Lys transport into apical epithelia by rapid filtration technique in Na + -gradient incubation buffer. Initial rates of total l-Lys uptake did not differ between the PLC and DJ in either the pig or the pony, or between the pony and the pig, at each l-Lys concentration. In the pig, compared with the DJ, l-Lys transport V max in the PLC did not differ (121 ± 26 and 180 ± 26 pmol•mg of protein −1 •s −1 , respectively; P = 0.14) and l-Lys K M in the PLC tended to be greater (0.23 ± 0.22 and 0.89 ± 0.22 mM, respectively; P = 0.09). In the pony, compared with the DJ, l-Lys transport V max in the PLC was greater (62 ± 25 and 149 ± 25 pmol•mg of protein −1 •s −1 , respectively; P = 0.04) and l-Lys K M in the PLC was greater (0.08 ± 0.22 and 1.05 ± 0.22 mM, respectively; P = 0.02). l-Lysine diffusion was not different between segments; however, total intestinal diffusion was greater (P = 0.03) in the pony than in the pig (115 ± 10 and 73 ± 10 pmol•mg of protein −1
+
-gradient incubation buffer. Initial rates of total l-Lys uptake did not differ between the PLC and DJ in either the pig or the pony, or between the pony and the pig, at each l-Lys concentration. In the pig, compared with the DJ, l-Lys transport V max in the PLC did not differ (121 ± 26 and 180 ± 26 pmol•mg of protein −1 •s −1 , respectively; P = 0.14) and l-Lys K M in the PLC tended to be greater (0.23 ± 0.22 and 0.89 ± 0.22 mM, respectively; P = 0.09). In the pony, compared with the DJ, l-Lys transport V max in the PLC was greater (62 ± 25 and 149 ± 25 pmol•mg of protein −1 •s −1 , respectively; P = 0.04) and l-Lys K M in the PLC was greater (0.08 ± 0.22 and 1.05 ± 0.22 mM, respectively; P = 0.02). l-Lysine diffusion was not different between segments; however, total intestinal diffusion was greater (P = 0.03) in the pony than in the pig (115 ± 10 and 73 ± 10 pmol•mg of protein −1
•s −1 , respectively). These results demonstrate that the large colon is capable of l-Lys transport across the apical epithelial membrane with greater capacity and less affinity than the jejunum, indicating that the large colon may play a significant role in l-Lys absorption and homeostasis in hindgut fermenters.
INTRODUCTION
Both equids and suids are nonruminant hindgut fermenters and thus are equipped with hydrolytic and fermentative digestive capability in the proximal and distal gastrointestinal tracts (GIT), respectively. The species differ in that equids are obligate hindgut fermenters; hence, they rely on postileal microbial fermentation of dietary forages for VFA and microbial protein synthesis. Although there is evidence of VFA absorption from the equine cecum and large colon (Argenzio et al., 1974; Ford and Simmons, 1985; Simmons and Ford, 1991) , capability for AA transport has been poorly documented. In pigs, microbially derived AA contribute to whole-body AA homeostasis (Torrallardona et al., 2003b) , whereas in equids, large intestinal absorption of 15 N-labeled AA was demonstrated after cecal infusion of 15 N-labeled bacteria (Slade et al., 1971 ). In equids, however, quantitative assessment of postileal AA transport capacity remains unknown. Knowledge of whether equids are capable of substantial postileal absorption of microbially derived AA may provide insight into their dietary AA requirement. We recently reported that the equine proximal colon expresses SL-C7A9 mRNA, which facilitates transport of cationic AA across the apical membrane of the small intestinal epithelium (Bröer, 2008) , in similar abundance to that of the jejunum (Woodward et al., 2010) .
With these notions in mind, we hypothesized that cationic AA l-Lys, the first limiting AA in both suids and equids, is transported across the mucosal apical membrane of the large colon with capacity similar to that of the small intestine in the pony and the pig. Furthermore, we hypothesized that l-Lys transport capacity across the large colon mucosa apical membrane of the pony is greater than that of the pig. The objective of this study was to characterize the kinetics of l-Lys transport [i.e., the maximal transport rate (V max ) and the Michaelis constant (K M )] across the apical membrane of the distal jejunum (DJ) and the proximal large colon (PLC) mucosa of the pony and the pig.
MATERIALS AND METHODS
All methods were approved by the Institutional Animal Care and Use Committee at Michigan State University.
Animals and Collection of Tissue
Three market pigs (Yorkshire crossbred, 122.5 ± 3.9 kg) and 4 mature ponies (mixed breed, 210 ± 27 kg) were used. Pigs were group housed at the Michigan State University Swine Teaching and Research Center and provided ad libitum access to a corn-soybean meal diet containing 14% CP. Pigs were transported to the Michigan State University Meat Laboratory at 1600 h and provided free access to water and no access to feed. Pigs were humanely euthanized by captive bolt at 0600 h the following day, and the entire intestinal tract was immediately removed. Sections (approximately 20 cm long) were obtained from the DJ, 2 m distal to the stomach, and from the proximal ascending colon, representing the PLC, 30 cm distal to the cecum. Ponies were of mature age and mixed breeds and had been maintained on first-cutting grass hay. Ponies were provided their last meal at 1800 h and euthanized between 1000 and 1400 h on the following day by a single injection of sodium pentobarbitol. Ponies were euthanized for reasons other than history of gastrointestinal problems. After euthanasia, a 2.5-m incision was made along the ventral midline to expose the entire GIT. Sections (approximately 20 cm long) were sampled from the DJ, located 12 m distal to the duodenal colic ligament, and from the left ventral colon, representing the PLC, located between the sternal and pelvic flexures at the lateral band.
For both species, intestinal segments were rinsed thoroughly in a 0.9% ice-cold NaCl solution and opened lengthwise to expose the mucosa. The mucosal layer was scraped from the serosal layer using a glass microscope slide, and scrapings were transferred to conical tubes until approximately 12 g was obtained. Samples were flash frozen in liquid nitrogen and stored at −80°C.
Preparation of Brush Border Membrane Vesicles
Brush border membrane vesicles (BBMV) were prepared as described by Fan et al. (1998 Fan et al. ( , 2004 with the exception that mucosal scrapings, instead of whole tissue, were used because scrapings would provide a greater ratio of apical membrane per unit sample and therefore be less contaminated by other intestinal structures. Briefly, mucosal scrapings (2.6 g) were homogenized over ice in homogenization buffer (52 mL; 50 mM d-mannitol, 10 mM HEPES, and 0.2 mM PMSF; pH = 7.4) using a polytron homogenizer (Brinkmann Instruments Inc., Westbury, NY) for three 1-min cycles. A sample of the resulting homogenate was collected for protein and enzyme analysis, and the remaining homogenate was centrifuged at 2,000 × g for 15 min at 4°C. The supernatant was collected and the pellet was discarded. A 200 mM MgCl 2 solution was added to the supernatant and mixed to a final concentration of 10 mM MgCl 2 , gently shaken over ice for 15 min, and centrifuged at 2,400 × g for 15 min at 4°C. Again, the supernatant was collected and the pellet was discarded. The supernatant was divided into ultracentrifuge tubes and centrifuged at 19,000 × g for 30 min at 4°C. The resulting supernatant was discarded, and the remaining pellet representing the crude brush border membrane (BBM) was suspended in vesicle preloading buffer (150 mM KSCN, 10 mM mannitol, and 5 mM HEPES; pH = 7.4) using a Pasteur pipette. Samples were centrifuged for an additional 30 min at 39,000 × g and 4°C.
The resulting supernatant was discarded and the final BBM pellet was suspended in 1 mL of vesicle preloading buffer. A subsample of the final BBMV suspension was collected for determination of protein concentration and enzyme activity. The remainder of the BBMV suspension was used for uptake experiments.
Protein Concentration and Alkaline Phosphatase Enzyme Measurements
Protein concentration of the initial homogenate and the final BBMV suspension was determined with the Lowry assay (Bio-Rad Laboratories, Hercules, CA) according to the manufacturer's instructions and using BSA as standard. Purity of BBMV was tested using alkaline phosphatase as a marker. Alkaline phosphatase was measured according to Fan et al. (1998) using pnitrophenyl phosphate as substrate.
Measurement of Total (Na

+ -Dependent and Independent) l-Lys Uptake into BBMV
Freshly prepared BBMV suspension was diluted with vesicle preloading buffer to contain 6 to 10 mg of protein/mL. The final BBMV suspension remained on ice until uptake experiments were performed (not more than 6 h after final suspension). Uptake experiments were carried out using the rapid filtration procedure as outlined by Fan et al. (1998 Fan et al. ( , 2004 . Uptake buffer (50 µL; 150 mM NaSCN, 10 mM mannitol, and 5 mM HEPES; pH = 7.4) containing [ 3 H]-Lys was first loaded into polystyrene tubes and allowed to warm to room temperature (22 to 24°C). Two 5-µL droplets of BBMV suspension were added along the side of the tube using a Microman pipette (Gibson S.A.S., Villiersle-Bel, France). After warming to room temperature for 10 s, uptake was initiated by a foot switch-activated vibromixer attached to an electronic timer (model 545; GraLab, Centerville, OH). Uptake was terminated by immediate addition of ice-cold stop and wash buffer (1.2 mL; 150 mM KSCN, 10 mM mannitol, 10 mM HEPES, and 0.1 mM HgCl 2 ; pH = 7.4) at the end of the timing cycle. Immediately after termination, 1 mL of the uptake media was collected and pipetted onto 0.22-µm nitrocellulose membrane filters (Millipore, Billerica, MA) premounted on a Manifold filtration unit (Millipore) connected to a vacuum source. Filters were immediately washed 3 times with 5 mL of stop and wash buffer and transferred to scintillation vials prefilled with 10 mL of scintillation fluid. All filters were allowed to dissolve in scintillation fluid for 30 min before radioactivity was determined with a liquid scintillation counter (Beckman, Brea, CA). Remaining uptake media in the polystyrene tubes was pooled per substrate concentration, and 10 µL was counted to determine the average initial radioactivity. Functionality of BBMV was assessed by measuring uptake of glucose, as suggested by Torras-Llort et al. (1996 , 1998 , in the presence of an inwardly directed Na + gradient in freshly manufactured BBMV immediately before each Lys uptake experiment (data not shown).
Time Course Experiments. Time course experiments were performed to determine the incubation time needed for the transport kinetics experiments. The pig jejunum was used under a Na + gradient, and [ 3 H]-Lys uptake measurements were conducted using l-Lys concentrations of 0.001, 1, and 5 mM as described earlier.
For each concentration, uptake was terminated at 0, 10, 20, 30, and 60 s. Each uptake measurement (i.e., each time point) was made in triplicate. Nonspecific binding of l-Lys to BBMV and filters was corrected by subtracting time zero radioactivity counting.
Transport Kinetics Experiments. For l-Lys uptake experiments used in the determination of transport kinetics, uptake buffers consisted of replaced mannitol with l-Lys at 0.1, 0.25, 0.5, 1.0, 2.5, and 5.0 mM. Each uptake experiment was conducted in triplicate. Nonspecific binding of l-Lys to filters was corrected by measuring l-Lys uptake using buffer without the addition of BBMV. Composition of incubation buffer is provided in detail in the figure legends.
Calculations to Determine Lys Kinetics
To determine uptake at various time points and under Na + -dependent conditions, the following equation was used:
where J = the initial rate of total Lys uptake into BBMV (pmol•mg of protein −1
•s −1 ); R F = the radioactivity in disintegration per minute (DPM) of filters (DPM/filter); R B = the radioactivity for nonspecific binding to filters (DPM/filter); S = the extravesicular Lys concentrations (mM); R I = the radioactivity in the uptake media (DPM/µL); W = the amount of membrane protein provided for the incubations (mg of protein); and T = the time of incubation for initial uptake (s). Kinetic parameters, namely V max and K M , were analyzed according to the method of Wolffram et al. (1986) using a computer program for multiparameter curve fitting based on the following 2-component equation:
where J = the initial rate of Lys uptake into BBMV (pmol•mg of protein 
Statistical Analysis
The initial rate of Lys uptake into BBMV (J, pmol•mg of protein
) at each Lys concentration was analyzed using the PROC MIXED procedure (SAS Inst. Inc., Cary, NC). The model included the fixed effects of animal species, intestinal segment, and Lys concentration; the interaction between animal species and intestinal segment; and the random effect of individual animal nested within animal species. Kinetic parameters (i.e., V max and K M ) were analyzed using the PROC MIXED procedure of SAS. The model included the fixed effects of animal species and intestinal segment, the interaction between animal species and intestinal segment, and the random effect of individual animal nested within animal species. Contrasts were used to determine differences between intestinal segments and between animal species within intestinal segment. Results are reported as least squares means ± SEM. Significant differences and significant trends in V max and K M are reported at P < 0.05 and 0.05 < P < 0.10, respectively.
RESULTS
Membrane Purity and Initial Time Course of l-Lys Uptake
Comparison of alkaline phosphatase enzyme activity in the BBMV relative to the mucosal tissue scraping crude homogenate yielded an average enrichment factor of 4.6 ± 0.4 fold, indicating the BBMV had little contamination by the basolateral membrane. Time course experiments of l-Lys uptake into porcine jejunal BBMV indicated that l-Lys uptake was linear up to 30 s at l-Lys concentrations of 0.001 and 5 mM and up to 60 s at l-Lys concentration of 1 mM in Na + gradient uptake buffer ( Figure 1A , 1C, and 1B, respectively). Therefore, 30 s was used to measure the initial uptake of l-Lys for both the DJ and the PLC in pigs and ponies.
Initial Rate of l-Lys Uptake into BBMV
Initial rates of total l-Lys uptake in porcine and equine colons compared with small intestine BBMV under various l-Lys concentrations were calculated using Eq.
[1] and are presented in Figures 2 and 3 , respectively. At each concentration, uptake of l-Lys into BBMV did not differ in pig PLC compared with DJ, pony PLC compared with DJ, pony DJ compared with pig DJ, or pony PLC compared with pig PLC.
Kinetics of l-Lys Uptake in Porcine and Equine Small vs. Large Intestine
To characterize l-Lys uptake kinetic parameters, total l-Lys uptake was divided into a saturable and a diffusion component based on Eq. [2] (Wolffram et al., 1986) . Calculated kinetic parameters (V max , K M , and diffusion) are presented in Table 1 . Across animal species, compared with the DJ, the PLC had greater V max (P = 0.03) and K M (P = 0.01). In the pig, V max did not differ between the PLC and the DJ, but K M of l-Lys uptake tended to be greater (P = 0.09) in the PLC compared with the DJ. In the pony, V max and K M were greater (P < 0.05) in the PLC compared with the DJ. Ponies had a greater diffusion rate than pigs (P < 0.05) across segments.
DISCUSSION
As far as we know, this study is the first to characterize the kinetics of l-Lys transport across the porcine and equine small intestine using BBMV and to manufacture BBMV from porcine and equine colons to further characterize kinetics of l-Lys transport in the distal GIT. The ex vivo techniques, including BBMV and everted gut sacs, have been effective tools for determining transport kinetic parameters of different nutrients in the mouse (Robinson et al., 1973; Ugawa et al., 2001) , rat (Evered and Nunn, 1968 ; Cassano et al., 1983) , eel (Vilella et al., 1990) , chicken (Lind et al., 1980; Obst and Diamond, 1989; TorrasLlort et al., 1996) , dog (Robinson et al., 1973) , pig (Fan et al., 1998) , steer (Wilson and Webb, 1990) , and horse (Salloum et al., 1993; Dyer et al., 2002) . Studies analyzing AA transport into BBMV are summarized in Table  2 .
Both suids and equids are nonruminant hindgut fermenters; thus, they are equipped with both hydrolytic and fermentative digestive capability in the proximal and distal GIT, respectively. The species differ in that equids are obligate hindgut fermenters; hence, they rely on dietary forages and are equipped with a much larger cecum and voluminous proximal colon. In nonruminant animals, microbial fermentation of dietary fiber is essential to the synthesis of microbial proteins, which in turn contributes to the N homeostasis of the host (Metges, 2000) . For example, in pigs, AA synthesized by the microbial population contribute to whole-body AA homeostasis by meeting the equivalent of AA requirement estimates for maintenance (Torrallardona et al., 2003b) . Because AA uptake in the porcine intestine has been more clearly defined using both in vivo and in vitro techniques, the pig was used in the current study as a positive model of efficient small intestinal Lys transport.
Before performing Lys uptake experiments, membrane purity and incubation time were determined. In this study, alkaline phosphatase enzyme activity fell within the reported range of 2.3-fold in Aedes aegypti larvae midgut (Abdul-Rauf and Ellar, 1999) to 31.1-fold in rat jejunum (Hopfer et al., 1973) and was close to the 5.1-fold enrichment in bovine jejunum and ileum (Wilson and Webb, 1990) . Experiments determining uptake of d-glucose in the presence of a Na + gradient further verified the functionality of our isolated BBMV (data not shown). Time course experiments indicated peak Lys uptake into BBMV at 30 s; this incubation time is in agreement with Wolfram et al. (1984) and Torras-Llort et al. (1996) who reported a 20-to 30-s incubation time for maximum l-Lys uptake above control conditions in the rat and chicken jejunal BBMV, respectively.
The l-Lys transport through the apical epithelial membrane occurs through Na + -dependent symport transport systems, which rely on a Na + gradient, and through Na + -independent antiport transport systems, which exchange Lys in the lumen for another intracellular neutral AA (Bröer, 2008) . Previous reports of lLys transport in the rat (Cassano et al., 1983; Wolfram et al., 1984) , rabbit (Stevens et al., 1982) , and chicken (Torras-Llort et al., 1996) jejunal BBMV indicated no difference in uptake using either a Na + -enriched or Na + -free gradient; however, Na + is believed to have a stimulatory role on l-Lys influx without being transported into the vesicles itself (Torras-Llort et al., 1998) . Therefore, to measure total l-Lys uptake into apical BBMV, all uptake experiments were conducted in the presence of a Na + gradient. The l-Lys uptake was divided into a saturable component and a diffusive component, according to Wolffram et al. (1986) , in both the jejunum and colon of the pig and the pony. Others have reported a substantial contribution of apparent simple diffusion to total nutrient uptake when using BBMV (Stevens et al., 1982; Cassano et al., 1983; Wolffram et al., 1986; Wilson and Webb, 1990; Fan et al., 2001) . Jejunum l-Lys diffusion in this study was notably greater than that reported in rabbits •s −1 ; Wilson and Webb, 1990) . Substantial l-Gln diffusion into jejunal BBMV has also been reported in both pigs (Fan et al., 1998) and horses (Salloum et al., 1993) . Fan et al. (1998 Fan et al. ( , 2001 suggest that the diffusion component is likely attributable to a change in membrane permeability because of in vitro preparation of BBMV. Thus, the estimation of the diffusion component is critical in characterizing the saturable component, which is reflective of in vivo kinetics.
In the pig, no difference in l-Lys transport capacity was found between the PLC and the DJ. However, as indicated by the greater K M value, l-Lys transport affinity tended to be 3-fold less in the pig PLC compared with the pig DJ. Wolffram et al. (1986) manufactured BBMV from pig jejunum and reported V max and K M for l-Leu transport to be 2-fold greater compared with our l-Lys values. In contrast, kinetic parameters of l-Thr in a Na + -gradient condition were notably less than those of l-Lys in the pig DJ (Maenz and Patience, 1992) . Kinetic parameters of l-Gln uptake in a Na + -gradient condition were intermediate to those reported for l-Leu and l-Thr and were similar to our l-Lys results (Fan et al., 1998) . Collectively, in vitro determination of kinetic parameters of AA uptake in pig jejunal BBMV demonstrates that transport capacity is greatest for l-Leu, followed by l-Lys, l-Gln, and l-Thr, and that transporter affinity is greatest for l-Thr, followed by l-Lys, l-Leu, and l-Gln. It is noteworthy to mention that transport kinetics across BBMV may not entirely reflect in vivo AA disappearance because measurements are done in an environment free of interactions between other AA Within species in a column, means with different superscripts differ (P < 0.05).
x,y
Within species in a column, means with different superscripts tend to differ (P = 0.09).
1 V max = maximal transport rate; K M = Michaelis constant.
2
Colon is greater than jejunum across species (P < 0.05).
3
Species × intestinal segment (P = 0.56).
4
Species × intestinal segment (P = 0.51).
5
Pony is greater than pig across segments (P < 0.01).
6
Species × intestinal segment (P = 0.32). and nutrients and, hence, of any transport inhibition and competition (Wilson and Webb, 1990) . For instance, physiological uptake of l-Lys may be hindered in the presence of l-Arg, l-Ala, or l-Phe, which display 96, 78, and 90% inhibition of l-Lys uptake in chicken jejunum, respectively (Torras-Llort et al., 1996) , indicating shared transport mechanisms for both cationic and neutral AA. Indeed, whereas systems y + and b 0,+ seem to be the main transport systems for l-Lys uptake across the apical epithelium in the chicken intestine (Torras-Llort et al., 1996) , system y + shows greater affinity for neutral AA in the presence of Na + (White, 1985; Torras-Llort et al., 1996) .
As far as we know, pig colonic BBMV have not been used to characterize AA transport kinetics; therefore, this study might be the first to report similar l-Lys transport capacity between the DJ and the PLC of the pig. Both in vitro and in vivo studies indicate that AA uptake can occur from the cecum and large colon (Holmes et al., 1974; Sepúlveda and Smith, 1979; Torrallardona et al., 2003a) . Sepúlveda and Smith (1979) demonstrated that essential AA, including l-Lys, were absorbed from isolated colonic discs manufactured from intestinal mucosa of newborn pigs. It has been estimated that approximately 25% of total intestinal l-Lys absorption in the growing pig occurs in the large intestine in vivo (Torrallardona et al., 2003a) . Others have determined that in vivo AA disappearance and absorption can occur in the large intestine of pigs fed either a soybean meal-or rapeseed meal-based diet (Holmes et al., 1974) . These studies, in combination with results presented here, indicate that the large intestine may play a role in l-Lys absorption in pigs.
In contrast to the pig, the pony PLC had a 10-fold decrease in transport affinity coupled with a 2-fold increase in transport capacity compared with the DJ. Unlike equids, market pigs are not typically maintained on high-fiber feed ingredients; therefore, our results may indicate a possible role of dietary fiber in the regulation of AA transport in the large intestine. Very little information using in vitro approaches to assess intestinal AA uptake in the equid is available. Compared with l-Lys kinetic parameters reported herein, noticeably greater V max and K M were estimated for l-Gln in a Na + -gradient condition in horse jejunal BBMV (Salloum et al., 1993) . The large capacity for l-Gln uptake across jejunal BBMV may be explained based on the large abundance of Gln in feeds and the high Gln extraction and utilization by intestinal tissue. Glutamine plays a central role in mucosal growth and function and thus serves as a primary fuel for small intestinal epithelial cells (Windmueller, 1982; Souba et al., 1990; Salloum et al., 1993) .
Studies of l-Lys uptake by the equine large intestine using both in vivo and in vitro methods have yielded contradictory results (Slade et al., 1971; Bochröder et al., 1994) . Our results support those of Slade et al. (1971) , who demonstrated appearance of labeled Lys and other essential AA in the cecal vein after cecal infusion of 15 N-labeled microbes in a pony. We have also recently reported that mRNA transcript abundance of SLC7A9, which encodes AA transporter b 0,+ AT, was similarly expressed in the jejunum, cecum, and proximal colon of the horse (Woodward et al., 2010) . Amino acid transporter b 0,+ AT is considered the primary transporter of cationic AA across the BBM of the intestine (Bröer, 2008) . Therefore, it is possible that b 0,+ AT is responsible for l-Lys uptake from the intestinal lumen in both the jejunum and colon of the horse. On the other hand, transmucosal potential difference of l-Lys, l-His, and l-Arg measured across proximal colonic discs was low, indicating minimal transport of these AA (Bochröder et al., 1994) . Also, Freeman et al. (1989) found no transport of l-Ala determined with transmucosal potential difference across cecal mucosa harvested from horses. Bochröder et al. (1994) and Freeman et al. (1989) used mucosal sheets; hence, they characterized transport across both the BBM and the basolateral membrane. In our study, transport was characterized across the BBM only. It is conceivable that pony and pig colons are equipped for transport of AA only across the BBM for epithelial cell utilization. On the other hand, it is recognized that, at least in the proximal GIT regions, intestinal cells use a substantial proportion of arterially derived AA (Wu, 1998) and are equipped with AA transporters at the basolateral aspect to ensure AA absorption (Bröer, 2008) . Additionally, Bochröder et al. (1994) used incubation buffers with equal Na + molarity on both the mucosal and serosal membranes, eliminating the Na + gradient essential for movement of Lys across the BBM. Further, Na + may act as an activator of Lys uptake through the BBM (Torras-Llort et al., 1998) , and rat colon has been shown to contain a Na + -H + exchanger in colonic BBMV (Binder et al., 1986; Foster et al., 1986) . Therefore, it may be suggested that transport of l-Lys by the colon may occur only in the presence of a Na + gradient. In other species, kinetic transport properties of l-Lys uptake have been measured using BBMV isolated from the rat jejunum (Cassano et al., 1983) , bovine jejunum and ileum (Wilson and Webb, 1990) , and chicken jejunum (Torras-Llort et al., 1996) . In our study, jejunal lLys transport capacity in pigs and ponies was similar to that of bovine and chicken jejunum (Wilson and Webb, 1990; Torras-Llort et al., 1996) but greater than that of rat jejunum (Cassano et al., 1983) . In contrast to jejunal l-Lys transport capacity, transport capacity across the colon of the pig and pony most resembled that of the bovine ileum (Wilson and Webb, 1990) . The l-Lys jejunal transport affinity in the pig and pony closely resembles that of the rat (Cassano et al., 1983) .
Across porcine and equine species, transport capacity increased and transport affinity decreased in the colon. In fact, l-Lys transport affinity in the colon of both the pig and the pony was noticeably less than other reported affinity values of l-Lys in the small intestine. It is recognized that AA transport across the small intestinal mucosa increases in the presence of in-creasing concentrations of AA. Transport of l-Lys, lLeu, and l-Met increased with increasing dietary levels above maintenance in everted small intestine of mice (Diamond and Karasov, 1987) . Increased capacity and decreased affinity for l-Leu transport were observed in rats fed a high-protein diet compared with rats fed a high-carbohydrate diet (Wolffram and Scharrer, 1984) . In BBMV isolated from bovine jejunum and ileum, greater AA concentrations in the incubation medium increased uptake of l-Met and l-Lys (Wilson and Webb, 1990) . Both pigs and ponies are hindgut fermenters and thus have a prominent microbial population in the cecum distal to the small intestine. Whether l-Lys exists at greater luminal concentration in the colon compared with the small intestine is unknown. Alternatively, because the PLC contains less protein per unit weight of mucosa than the DJ, colonic AA transporter proteins may compensate by increasing l-Lys absorption. When expressed as l-Lys uptake per milligram of mucosal tissue, l-Lys uptake by the PLC mucosa in the pig and the pony was less than that of the DJ (0.84 ± 0.08 and 0.91 ± 0.07, respectively, vs. 1.14 ± 0.08 and 1.16 ± 0.07 pmol•mg of tissue −1 •s −1 , respectively). Even so, on a per milligram of tissue basis, l-Lys uptake capacity in the PLC of the pig and the pony is 74 and 78% of the DJ, respectively, providing strong evidence for considerable l-Lys uptake by the colon apical membrane. Finally, in our study, no difference was found in total l-Lys uptake or kinetic parameters of l-Lys transport in the pony DJ compared with the pig DJ, or no difference was found in the pony PLC compared with the pig PLC, exemplifying the relatively close physiological similarity between the species.
Herein, we have demonstrated using BBMV that the PLC apical membrane is remarkably capable of l-Lys transport in both the pig and the pony, likely via a high-capacity and lower affinity transport system, compared with that of the DJ. We also report novel l-Lys transport characteristics in the DJ of the pig and the pony that are indicative of a medium affinity transport relative to other characterized AA transport kinetics. Although the PLC has reduced affinity for l-Lys compared with the DJ, the greater capacity for l-Lys transport is indicative of a potential role in uptake of essential AA in vivo. Further characterization of l-Lys transport into Na + -dependent and Na + -independent components will allow identification of potential AA transport systems responsible for l-Lys uptake in the large colon. These results, along with future studies assessing transport across the basolateral membrane, will be useful in assessing the contribution of the large colon to l-Lys absorption and N homeostasis in the horse and the pig.
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